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A recent referral of urine specimens from a patient in whom selenium poisoning was suspected called attention to lack of specificity and the laborious processes of chemical determination. A search of the literature failed to reveal a polarographic assay for selenium in urine; therefore, it appeared logical that a method in which this technic was to be used should be investigated.
The first polarography of selenium was reported by Schwaer and Suchy, (1) who described three waves for selenite ion in iN hydrochloric acid. They attributed these waves to the plus 2, elemental, and minus 2 oxidation states, respectively.
They found that, in very dilute solutions, the first two waves merged.
Schwaer and Suchy also reported one wave for selenite ion in ammoniacal solution corresponding to the reduction of selenite ion to the element. Lingane and Niedrach (2) found that selenide ion gave a dissolution wave at the dropping mercury electrode similar to that of sulfide ion. They also investigated the polarography of selenite and selenate ions, the former in ainmoniacal buffers (3). Toropova (4) has reported the polarographic determination of selenium by reduction of the selenosulfate ion, SeSO3=, at the dropping mercury electrode. Sodium selenosulfate in 0.3M sodium nitrate gives a half-wave potential of -1.06 v. versus S.C.E. that is independent of the concentration of sodium hydroxide if the pH is not less than 10. Recently three Russian workers studied the polarography of selenium plus 4 in 0.5M ammonium chloride, 0.5M ammonia, and 0.1M sodium sulfite solution at pH 9. These workers found one wave corresponding to a 6-electron reduction of selenium (5).
Bock and Hackstein (6) have deposited selenium at a mercury cathode from 0.1N sulfuric acid. A coulometric determination of selenium has been developed based on the reaction of thiosulfate ion with selenite ion. An excess of thiosulfate solution is added to the selenite solution in hydrochloric acid, the excess being titrated with electrolytically generated iodine (7) . Both methods suffer from either lack of precision or specificity for selenium.
Reagents and Apparatus
The reagents used were of "analytical grade." The standard selenite samples were prepared by dissolution of spectrographically pure selenium metal in concentrated nitric acid. After dissolution had been effected, sulfuric acid was added and the solution was heated until the appearance of the white fumes of sulfur trioxide One milliliter of 30% hydrogen peroxide was then added to decolorize the solution, and the excess of peroxide was destroyed by heating.
Polarographic measurements were made with the E. H. Sargent Model XV polarograph.
Procedure
A 10-mi. specimen of urine was evaporated to dryness in an Erlenmeyer flask. A solution made by adding 10 ml. of concentrated nitric acid to the residue was heated until most of the nitric acid had been evaporated. After 1.5 ml. of sulfuric acid was added, the solution was heated until the appearance of the white fumes of sulfur trioxide.
The solution was removed from the heat and 1 iil. of 30% hydrogen peroxide was added to decolorize the solution.
After the excess of peroxide had been destroyed by heating, the sample was diluted to 50 ml. in a volumetric flask. The final dilution of the sample was carried out with sulfuric acid to give a sample solution 3M in sulfuric acid.
Ten-milliliter portions of the test solution were placed in a polarographic cell containing a mercury-pool anode. The cell was placed in a water bath kept at 25 ± 0.2#{176}. Nitrogen gas was bubbled through the test solutions for 15 mm. before each run, and a nitrogen atmosphere was maintained above the solution during the course of the run. Commercial tank nitrogen was purified by passing the gas through heated copper turnings and a solution of sulfuric acid before entering the polarographic cell.
Discussionof Results
In Fig. 1 are shown the polarograms of the standard selenite solution in supporting electrolytes of 3M sulfuric a#{235}id, 1M potassium chloride, and 1M ammonia-ammonium chloride. The first two of these polarograms contain two waves while the latter exhibits only one. The polarographic data for these waves are shown in Table 1 .
Sulfuric Acid
The first wave in sulfuric acid is diffusion controlled (8) and represents the reduction of selenite ion to selenium amalgam. A second wave comes at a potential 500 my. more negative than the diffusion-controlled wave. In Fig. 2 is shown the current-concentration relationships for the two waves obtained in sulfuric acid. For the first wave there is a linear relationship between the current and the concentration of selenium. The second curve, however, is linear up to 0.125 mM. concentration, at which point a further increase in the selenium concentration produces no change in the current. The height of this second wave was found to be directly proportional to the height of the mercury column above the dropping mercury electrode. This evidence confirms the second wave to be an adsorption wave arising from the adsorption of the oxidized form on the drop surface.
In this medium, 0.0063 to 0.175 mM. selenium (0.5-14 g./ml. in a 10-mi. sample) was successfully determined with an average error of 2 per eent. The effect of the addition of peroxide on the shape of the polarogram was next investigated.
No material difference was found between the waves obtained on peroxide-free selenite solutions and on solutions containing up to 6 ml. of 30% hydrogen peroxide.
All solutions containing peroxide were heated to destroy the excess of hydrogen peroxide prior to the taking of the polarogram.
The presence of peroxide did, however, sharpen the waves so that the second wave was more readily seen. There was no shift in either the potential at which the wave appeared or in the current associated with the wave.
PotassiumChloride
In postassium chloride supporting electrolyte two waves are obtained. The first is diffusion controlled and the second, due to the adsorption of the oxidized form on the surface of the mercury drop, is at a potential about 500 my. more negative.
The height of the second wave is directly proportional to the height of mercury. A plot of the current versus concentration of selenium for the two waves revealed a linear relationship in the case of the first wave, but a departure from linearity for the second, occurring at 0.100 mM. selenium.
In this medium, selenium can be determined in the presence of equal concentrations of zinc and cobalt, the waves of which in no way interfere with either of the selenium waves.
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Ammonia-Ammonium Chloride
Selenium gives only one wave in an ammonia-ammonium chloride medium. This wave is diffusion controlled and represents the reduction of selenite to selenide ion. The results here reported agree with those obtained by Lingane and Niedrach (3).
Urine Samples
Urine samples were prepared as above. Polarograms were run on 7 urine specimens:
6 from controls, and 1 from a patient suffering from a suspected case of selenium intoxication.
The polarograms of the 6 controls showed no trace of selenium in the urine. The polarogram of the patient's specimen (Fig. 3) , however, closely resembles that of Curve A, Fig. 1 . Analysis of this polarogram showed it to be identical with those obtained with standard selenium samples.
During the course of this investigation many polarograms were 
Specimen
is from 12-hr. collection that had a total volume of 2100 ml.
run on the patient's specimens. It was noted that the concentration of the selenium decreased with the time of standing of the urine samples.
A stability study was therefore undertaken. A stock solution of selenium in urine was prepared by adding 100 ml. of 0.125 M selenium (IV) solution to 900 ml. of selenium-free urine. Ten-milliliter aliquots of this solution were placed in a duplicate series of test tubes, which were stoppered, stored under varying conditions, and sampled at 24-hr. intervals.
The results of this study are summarized in Table 2 . These data indicate that selenium in urine is most stable when stored in rubber-stoppered glass bottles kept in a freezer.
In all instances, however, it was indicated that selenium is lost from urine on standing.
As a result of this observed loss, an effort was made to determine a suitable method for stabilizing selenium in urine. Urine which was made 1 molar to nitric acid retained its selenium content for 4 days at room temperature in a rubber-stoppered tube. The use of basic sodium peroxide or sodium perborate was unsatisfactory in preventing this loss.
It was noted that a "blank" solution of urine gave a high residual current when the polarographic cell had not been used for 3 days. When the solution was replaced with a fresh blank, the normal residual current was obtained.
